Surveillance for avian influenza viruses in wild birds was initiated in Canada in 2005. In 2006, in order to maximize detection of highly pathogenic avian influenza viruses, the sampling protocol used in Canada's Interagency Wild Bird Influenza Survey was changed. Instead of collecting a single cloacal swab, as previously done in 2005, cloacal and oropharyngeal swabs were combined in a single vial at collection. In order to compare the two sampling methods, duplicate samples were collected from 798 wild dabbling ducks (tribe Anatini) in Canada between 24 July and 7 September 2006. Low pathogenic avian influenza viruses were detected significantly more often (P,0.0001) in combined oropharyngeal and cloacal samples (261/798, 33%) than in cloacal swabs alone (205/798, 26%) . Compared to traditional single cloacal samples, combined samples improved virus detection at minimal additional cost.
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Surveillance for avian influenza viruses in Canadian wild birds was initiated in 2005, the first year of Canada's Interagency Wild Bird Influenza Survey. That year, single cloacal swabs were obtained from apparently healthy ducks across the country. These samples were screened for avian influenza virus by real-time reverse transcriptase polymerase chain reaction (RRT-PCR; Parmley et al., 2008) . As the 2006 survey was being planned, highly pathogenic avian influenza (HPAI) subtype H5N1 was detected in migratory birds in China . The virus subsequently moved westward into Europe, killing substantial numbers of wild birds (Olsen et al., 2006) . The spread of this virus and its changing ecology heightened animal and public health concerns worldwide and broadened the focus of Canadian surveillance from characterization of native strains of avian influenza to include detection of introduced HPAI viruses (such as H5N1) in wild birds.
Wild birds are the natural reservoir for avian influenza viruses, but clinical disease has rarely been observed (Webster et al., 1992) . In wild birds, low pathogenic avian influenza (LPAI) viruses replicate in both the upper respiratory and intestinal tracts, and high levels of virus are shed in the feces (Webster et al., 1978) . However, under experimental conditions, ducks shed HPAI subtype H5N1 more commonly through the respiratory tract than through the gastrointestinal tract (SturmRamirez et al., 2005) .
As a result of these findings, and from experience gathered through the detection of HPAI subtype H5N1 in Europe, the sampling technique for the wild bird survey in Canada was changed in 2006 to increase the likelihood of detecting the H5N1 subtype. Both cloacal and oropharyngeal swabs were collected, but budget constraints precluded separate testing of each sample. Hence, oropharyngeal and cloacal swabs from each bird were placed together into one vial.
The new sampling method introduced potential bias when comparing survey results between 2005 and 2006. To measure this bias, control vials containing only one cloacal swab were collected from a subset of wild ducks in 2006. The objective of this investigation was to determine whether avian influenza virus detection differed between these two sampling techniques when applied to the same birds.
Ducks were trapped and handled as part of annual waterfowl banding programs carried out by the Canadian Wildlife Service of Environment Canada. The target number of ducks sampled was 200 in each of four regions: British Columbia, Alberta, Qué bec, and the Maritime Provinces (New Brunswick, Nova Scotia, and Prince Edward Island). Data recorded for each bird included global positioning system (GPS) coordinates, band number, species, age, and sex.
Two cloacal swabs and one oropharyngeal swab were collected from each duck. One cloacal swab was placed into one vial (referred to as the cloacal swab) and a second vial contained both a cloacal and an oropharyngeal swab (referred to as the combination sample). Efforts were made to alternately place the first cloacal swab into the cloacal swab vial and the combination sample vial. Both vials contained 1.5 ml of virus transport medium (Hanks balanced salt solution supplemented with 10% glycerol, 200 U/ml penicillin, 200 mg/ ml streptomycin, 100 U/ml polymyxin B sulfate, 250 mg/ml gentamycin, and 50 U/ ml nystatin). After sampling, each vial was refrigerated for #3 days and then frozen at #220 C until tested. Field and laboratory data were entered directly into a national database developed and maintained by the Canadian Cooperative Wildlife Health Centre. To assess whether the proportion of positive results differed between the two sampling methods, the McNemar test for paired samples was used (Dohoo et al., 2003) . To measure the agreement between the two sampling methods, the kappa statistic (k) was calculated with 95% confidence intervals based on the standard error for k (Dohoo et al., 2003; Sim and Wright, 2005 ). McNemar's x 2 and k values were calculated overall and for each region independently. Classification of k followed the categories outlined in Dohoo et al. (2003) .
Cloacal and combination samples were collected and tested from 798 dabbling ducks (tribe Anatini) between 24 July and 7 September 2006 (Table 1) . Of these ducks, .99% (795/798) were hatch-year birds, and 41% (330/798) were female. Seventy-six percent (608/798) of ducks were Mallards (Anas platyrhynchos). Oth-er species included 56 American Black Ducks (Anas rubripes), 46 Northern Pintails (Anas acuta), 36 American Wigeon (Anas americana), 35 Blue-winged Teal (Anas discors), eight Green-winged Teal (Anas crecca), six Mallard-American Black Duck hybrids, two Cinnamon Teal (Anas cyanoptera), and one Gadwall (Anas strepera).
Twenty-two percent (178/798) of ducks were PCR positive for both samples collected, 3% were positive only for the cloacal swab, and 10% were positive only for the combination sample. Results by region are shown in Table 1 . Overall, 36% (288/798) of ducks were positive for avian influenza virus by one or both sampling methods. Ninety-one percent (261/288) would have been identified as positive had only the combination samples been collected, and 71% (205/288) would have been detected if cloacal swabs alone had been used. Ducks with an inconclusive or suspicious RRT-PCR result were considered to be negative.
The combination samples resulted in a significantly higher (P,0.0001) proportion of positive ducks (33%) compared to cloacal swabs alone (26%; Table 2 ). A similar trend was observed within each region, except British Columbia, where the difference failed to reach statistical significance (Table 2) . Agreement between the two sampling methods overall was substantial (0.67), and ranged from moderate (0.57) to substantial (0.79) within regions ( Table 2) .
Five of the positive combination swabs were positive for the H5 hemagglutinin gene segment by RRT-PCR, but only two of these were detected by the cloacal sample. One cloacal swab was positive for the H7 hemagglutinin gene segment; however, after further characterization, this was determined not to be an H7 virus. All viruses detected were of low pathogenicity. To the best of our knowledge, we are the first to have compared LPAI detection rates in cloacal swabs and combination samples. Our study demonstrates that the combination of cloacal and oropharyngeal swabs in a single vial offers a cost-effective method to improve virus detection compared to the use of single cloacal swabs. Other investigators have compared results from cloacal swabs with those from oropharyngeal swabs. In Europe, Ellstrom et al. (2008) and Munster et al. (2009) reported higher LPAI detection rates in cloacal swabs than oropharyngeal swabs collected from Mallards. More recently, however, Jindal et al. (2010) reported higher detection rates in oropharyngeal swabs than in cloacal swabs collected from waterfowl in Minnesota. Although it is difficult to directly compare the results of these studies to ours because of differences in sampling methods (combination samples versus oropharyngeal swabs), both North American studies (Jindal et al. [2010] and the current study) found a lower detection rate in cloacal swabs. Further investigation will be necessary to determine whether LPAI viruses of North American lineage have different affinity for the respiratory tract compared to Eurasian strains. Regardless, in our study and in those previously reported, collection of cloacal swabs alone would have missed a percentage of infected birds.
Recent evidence that HPAI subtype H5N1 viruses are not readily recovered from the digestive tracts of infected birds suggests that samples of respiratory tract fluids, such as those obtained from oropharyngeal swabs, should be collected to increase the likelihood of detecting this HPAI virus subtype (Sturm-Ramirez et al., 2005) . The difference in LPAI viral detection rate between the two methods in our study suggests that this may also be true for LPAI viruses, and this has implications for our understanding of the host-pathogen relationship. The site of viral replication may depend on host species and virus strain (Kida et al., 1980) , as well as stage of infection and previous exposure (Jourdain et al., 2010) . Further investigation is needed to understand the dynamics of LPAI viruses in wild ducks and the biologic and epidemiologic significance of respiratory transmission routes. In the interim, both cloacal and oropharyngeal samples should be collected in surveys of avian influenza viruses to increase the likelihood of detecting both HPAI and LPAI viruses in apparently healthy wild ducks and to be consistent with international sampling recommendations (Rose et al., 2006; OIE, 2009) .
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